There is an extensive literature on the phenomenon of inhibition of return (IOR): When attention is drawn to a peripheral location and then removed, response time is delayed if a target appears in the previously inspected location. Recent research suggests that non-spatial attribute repetition (i.e., if a target shares a feature like color with the earlier, cueing, stimulus) can have a similar inhibitory effect, at least when the target appears in the previously cued location. What remains unknown is whether locationand feature-based inhibitory effects can be dissociated. In the present study, we used a multiple cueing approach to investigate the properties of location-and feature-based repetition effects. In two experiments (detection, and discrimination), location-based IOR was absent but feature-based inhibition was consistently observed. Thus, the present results indicate that feature-and location-based inhibitory effects are dissociable. The results also provide support for the view that the attentional consequences of multiple cues reflect the overall center of gravity of the cues. We suggest that the repetition costs associated with feature and location repetition may be best understood as a consequence of the pattern of activation for object files associated with the stimuli present in the displays.
Introduction
Thirty years ago, Posner and Cohen (1984) discovered that when attention is drawn to a peripheral location by an uninformative cue and then withdrawn, detection of a target is delayed if the target appears in the previously inspected location. In most studies of this phenomenon, a peripheral non-informative stimulus (i.e., a cue) precedes the presentation of a to-be-detected target stimulus. The cue can be any sort of salient event that captures attention. Responses are faster to the cued targets (i.e., targets occupying the previously cued location) than to the uncued targets (i.e., targets appearing at a new location) when the cue-target stimulus onset asynchrony (SOA) is less than 250 ms. However, when the SOA is increased beyond about 300 ms, the data pattern reverses, that is, the responses are typically slower for cued than for uncued targets. This same-location disadvantage has been labeled ''inhibition of return'' (IOR; Posner et al., 1985) to reflect a theoretical hypothesis that after attention has been withdrawn from a location, it is inhibited from returning to that inspected location.
IOR has been studied extensively from many angles and with a wide variety of approaches (Klein, 2000; Lupiáñez, 2010; Lupiáñez, Klein, & Bartolomeo, 2006; Wang & Klein, 2010) . For instance, researchers have extended the IOR effect to different dependent variables and tasks (e.g., Posner & Cohen, 1984 : manual keypress; Abrams & Dobkin, 1994; Christie, Hilchey, & Klein, 2013; Taylor & Klein, 1998 : eye movement latency; Maylor, 1985; Pratt, 1995: target detection and localization; Lupiáñez et al., 1997: target discrimination) . There have also been a number of studies that demonstrate the inhibitory effect under conditions that do not involve a withdrawal of attention, suggesting that attentional allocation and removal are not necessary (e.g., Berlucchi, Chelazzi, & Tassinari, 2000; Rafal, Davies, & Lauder, 2006) . In addition, researchers have addressed various methodological issues. For example, location-based IOR can be obtained not only with a cue presented in the periphery (exogenous cueing), but also with a central cue that signals a direction (endogenous cueing) (Funes, Lupiáñez, & Milliken, 2005; Klein, 2004; Rafal et al., 1989 , but see Chica et al., 2010) . The temporal and spatial properties of IOR have also been examined (e.g., Bennett & Pratt, 2001; Klein, 2000; Samuel & Kat, 2003 To date, the vast majority of this work has focused on inhibition defined in spatial terms, i.e., location-based IOR. An important reason for this is that most researchers have assumed that IOR is spatially determined (for a review, see Chica et al., 2014; Klein, 2000; Lupiáñez, 2010) , consistent with its proposed mechanism: IOR is an inhibition of the return of attention to a previously attended location (Posner et al., 1985) . Moreover, early tests of non-spatial aspects produced several failed attempts (e.g., Kwak & Egeth, 1992; Tanaka & Shimojo, 1996) . For instance, Kwak and Egeth (1992) investigated potential location and color repetition effects in a set of experiments and although robust location-based IOR was consistently observed, color-based inhibition was absent. These findings suggested that the location of a stimulus is qualitatively different than its non-spatial attributes, such as color, shape and orientation (Tsal & Lavie, 1988 , 1993 .
Nevertheless, there have now been a small number of studies focused on non-spatial attribute-based inhibitory effects (e.g. Fox & de Fockert, 2001; Law, Pratt, & Abrams, 1995; Riggio, Patteri, & Umilta, 2004; Taylor & Klein, 1998 ; for a review, see Hu, Samuel, & Chan, 2011) . For instance, using a simple display similar to Posner and Cohen's (1984) , Riggio, Patteri, and Umilta (2004) reported that shape repetition costs were in the range of 5-10 ms. Using a discrete-trial paradigm (i.e., a neutral attractor was inserted between the cue and target), both Law, Pratt, and Abrams (1995) and Fox and de Fockert (2001) found a feature (e.g., color, shape) repetition inhibitory effect of about the same size. We recently suggested that the inhibitory effects of particular stimulus properties might be detectable only when the test displays required a certain level of processing complexity. Using moderately complex displays, together with wider SOA ranges, we observed a robust feature-based inhibition effect (20-30 ms).
These findings provided clear evidence that under some circumstances, non-spatial attribute repetition produces a robust inhibitory effect that follows a time course similar to that for location-based IOR. In fact, in the studies in which feature-based inhibition has been found Hu et al., 2013) , it was always accompanied by location-based inhibition, suggesting that feature-based inhibition may be dependent on location-based inhibition. In addition, the feature-based inhibition itself is location dependent, that is, this effect only occurs when the target shares both feature and location with the cue. Given these facts, it is not known if location-and feature-based inhibitory effects can be dissociated. It is generally assumed that location-and feature-based components/systems work in an integrated way within the visual system (e.g., Hommel, 2004; Hommel & Colzato, 2004; Van Dam & Hommel, 2010) . Thus, it is currently unclear whether the two inhibitory effects might operate separately. Sereno et al. (2010) have described the only computational model we are aware of that specifically posits a separate role for feature repetition in addition to location repetition. Their model is based on the very general property of ''response suppression'': When a stimulus occurs for a second time, it usually generates a weaker neural response than on its first presentation. Sereno et al. suggest that if a subset of visually-sensitive neurons are tuned to specific stimulus properties, then that subset will show stronger repetition suppression than neurons that are less tuned to particular features. They show that this should lead to different inhibitory patterns when features are shared than when they are not, consistent with the results that we have reported .
There is no current consensus about the mechanism underlying IOR (e.g., Dukewich; 2009; Hu et al., 2014; Lupiáñez, 2010; Prime & Ward, 2004; Sereno et al., 2010) . Given that most models have not considered non-spatial attributes (but see Sereno et al., 2010) , a potentially useful constraint on models is whether a model can account for both the location-and feature-based repetition effects: Can a model account for each, and does a model predict a common basis for the two effects, or separate ones? In the present study, our strategy is to use a method which has been shown to modulate location-based inhibition, and test whether this manipulation produces a parallel modulation of the feature-based repetition effect. A method that is well suited for this approach is ''multiple-cueing''. In multiple-cue IOR studies, more than one initial cue is presented (thus, cueing more than one location), and IOR is measured at multiple locations. Prior studies have shown that if the multiple cue locations are distributed evenly around a midpoint, location-based IOR is not observed, consistent with the idea that inhibitory effects are spread evenly (Christie, Hilchey, & Klein, 2013; Klein, Christie, & Morris, 2005 ). In the current study, we test whether these conditions also eliminate feature-based inhibition. Parallel results favor a common mechanism, whereas differing results suggest separate mechanisms.
Paradigm selection and present study
Though most IOR research has been conducted with the single cue approach, researchers also have tested multiple cueing effects on IOR.
1 Posner and Cohen (1984) initially reported that inhibition on double-cue trials was as great as that found for single-cue trials, suggesting that response inhibition was associated with both locations at the same time, and to roughly the same extent. However, using a similar technique, Maylor (1985) reported a conflicting result: The magnitude of double-cue inhibition was roughly half that of single-cue inhibition. This result suggested that for the double-cue condition, only one of the simultaneously cued locations was in fact inhibited. A conflicting data pattern, however, appeared again, as Wright and Richard (1996) reported that inhibition can be associated with multiple locations. In their study, IOR occurred with equal magnitude at up to four locations at the same time. Klein, Christie, and Morris (2005) re-examined the conditions that had led to conflicting outcomes, and presented evidence that IOR is generated by what they called the ''population coding'' of the entire cue (also see Tipper, Howard, & Houghton, 1998) . Recently, Christie, Hilchey, and Klein (2013) continued this line of argument, and proposed that IOR occurs at the center of gravity of simultaneously presented cues. Collectively, the results from Klein, Christie, and Morris (2005) and Christie, Hilchey, and Klein (2013) demonstrated that if the center of gravity of the cue array was at the fixation point, reaction times to targets at peripherally cued and uncued locations were statistically indistinguishable. In other words, there is no location-based IOR when the center of gravity of a multiple-cue event is at the fixation point. In the present study, we take this result as the starting point, and test whether feature-based inhibition is affected by multiple cues in the same way.
Previous IOR work in our lab has used moderately complex stimulus displays that are very well suited to using multiple cueing. The displays include eight large grey disks evenly spaced around fixation. Some of the disks are empty, and some have one or two small figures (e.g., a red or blue circle) within them. The cue is the addition of a small figure in one of the empty disks; the target is the appearance of a small figure in the same or a different disk. Using these displays, we have observed strong location-based inhibition, as well as robust feature-based inhibition Hu et al., 2013) .
A natural extension of this prior work is a change from a single cue event (the onset of a small figure in one empty disk) to a multiple cue event (the onset of a small figure in more than one of the 1 Given the focus of the present study on multiple simultaneous cueing way, we do not discuss the multiple sequential cueing literature. There are quite a few very good studies of multiple sequential cueing (e.g., Birmingham & Pratt, 2005; . empty disks). Based on Klein, Christie, and Morris (2005) and Christie, Hilchey, and Klein (2013) , we should find that simultaneous multiple cueing, with the cues centered on fixation, will eliminate location-based IOR in these displays. Our central question is whether this manipulation will similarly eliminate the feature-based inhibitory effect, or if instead the two types of inhibition will dissociate, with feature-based inhibition remaining in the absence of location-based IOR.
The two experiments of the current study are grounded in two recent studies from our lab. In the experiments here we shifted from the 8-location displays we had used previously to 9-location displays because this allows us to present three simultaneous cues that are centered on fixation. Experiment 1 is a detection task (following the single-cue experiments in ) in which we simultaneously cue three locations by adding either red or blue small figures to three empty disks, and then present a target that simply must be detected. The target can share location and/or color (a feature) with the cues. In the single-cue version, we had observed strong inhibitory effects of both location and feature repetition. The multiple cueing should eliminate the location-based effect, leaving the results for feature repetition as the focus. In Experiment 2 we used similar displays to those in Experiment 1, but had participants identify the color (red versus blue) of the target. This experiment was based on a single-cue version ) of the same discrimination task. In our previous study, we had observed location-based inhibition, but no featurebased inhibition; in fact, feature repetition facilitated performance. The question in Experiment 2 is whether the multiple cue procedure will abolish both effects, or whether feature-based repetition will produce results similar to the single-cue situation.
Experiment 1: Location-based and feature-based repetition effects in detection
Following , we used relatively complex displays, with nine regions that each could contain 0, 1, or 2 small objects that varied in color (red versus blue). In our previous work Hu et al., 2013) , displays of this sort produced both robust location-based inhibition and feature-based inhibition of target detection. Here, we simultaneously cued three locations with one color to test whether there is a dissociation of featurebased and location-based repetition effects.
Method

Participants
Forty-four students from Peking University were recruited (age range = 18-29, mean 22; 27 males, all right-handed). All had normal or corrected-to-normal vision and were naïve to the purpose of the experiment. Participants were tested individually; each received 20 RMB (about U.S. $3) for participating. All participants were treated in accordance with the Declaration of Helsinki and its latest amendments, and provided written informed consent.
Apparatus and procedure
The experiment was conducted on a Pentium IV computer running E-Prime software (Schneider, Eschmann, & Zuccolotto, 2002) , with subjects viewing the screen from a distance of approximately 65 cm. A computer keyboard was directly in front of the subject and its space bar was used as the response device.
The stimuli and procedures were based on those originally used by Samuel and Weiner (2001; Samuel & Kat, 2003) . Fig. 1 shows the sequence of events on a trial. Each trial began with a white fixation cross (1°) on a dark background displayed for 250 ms. This was followed by a display that consisted of nine white circles (diameter: 3.7°) presented for 750 ms. The white circles were arranged in a circular fashion around the fixation cross (radius: 6.8°). In three of the white circles, there were two smaller objects (1°, red or blue disks); empty circles alternated with filled circles such that two empty circles were always adjacent. Cues (1°; all the same color, either red or blue) then appeared in three of the six empty circles (in Fig. 1 , the cues are small red disks). To avoid any grouping effects, the cues were always separated by one filled circle. The cues remained until the appearance of a single target. Thus, the cue duration matched the cue-target SOA. On half of the trials, the target was presented in the same circle as the one of the three cues (''Same'' location condition). On the other half, the target was presented in a disk that had not contained one of the cues (''Diff'' location condition). The cue-target SOAs were pseudo-randomly selected to be 350, 700, 1500, 2500 or 3500 ms. The long SOAs were included because our previous work found that feature-based effects may require relatively long SOAs. To look for feature repetition inhibition, half of the target objects (red or blue) matched the cues in color (color repetition), and half mismatched (color non-repetition).
Targets were equally likely to be presented at each possible location. In this aspect, the present experiment was slightly different from the corresponding experiment in . In that study, on one-third of the trials the target had been presented in the same circle as the cue (''Same'' condition), on one-third of the trials the target had been displayed in a circle 90°away from the cue (half of these trials were clockwise, and half counterclockwise, from the cue), and on one-third of the trials the target had been displayed in the circle 180°away from the cue.
In the current study, as in previous studies using displays of this type, on a ''Same location'' trial the target and cue (any one of three cues here) appeared within the same circle, but were always in slightly different positions, as shown in Fig. 1 . Trials were terminated by the subject's response or after a time-out period of 3000 ms.
Each participant was presented with 520 trials. Among them, the 480 experimental trials included the factorial crossing of 5 SOAs Â 8 possible cue arrangements Â 2 possible Target Locations (same versus different, relative to one of the three cues) Â 2 color repetition cases (target color matches or mismatches the cue . Schematic procedure used in the sequence of events for a trial in both experiments (Note: not drawn exactly to scale; in the actual displays, each frame was a 480 Â 640 pixel display; for interpretation of the references to color in this figure, the reader is referred to the web version of this article). color) Â 3 observations. The task was divided into five blocks of 104 trials. Thus, for each subject, there were 24 observations for each combination of SOA, location repetition, and color repetition case. There were also eight catch trials per block, for which the cue was not followed by a target. The subjects were instructed to refrain from responding on such trials, since responses were to be made upon the detection of the second figure's appearance. A rest period was offered after each block.
Subjects were instructed to fixate on the central fixation cross throughout the experiment. Both speed and accuracy were emphasized. If a subject answered incorrectly, or failed to respond, a tone was played as feedback. Subjects were tested individually in a darkened, sound-attenuated room. Each participant was given a practice block of 30 trials that were not analyzed.
Results and discussion
The miss rates were very low (averaging 0.31%), and therefore no further analyses of misses were conducted. The false alarm rate on catch trials was under 0.1%. Reaction times 2.5 standard deviations above or below the arithmetic mean were excluded for each participant. This resulted in the loss of 3.6% of all trials. The overall mean reaction time was 475 ms. The reaction times were subjected to a repeated-measures ANOVA with SOA (350, 700, 1500, 2500 and 3500 ms), Location (same versus different), and Color (repeated versus non-repeated) as withinsubject variables; the Greenhouse-Geisser correction was used when the sphericity assumption was not met (Jennings & Wood, 1976) . The three-way interaction was not significant, In the following two sections, we report (1) the tests within the ANOVA that bear on location-based repetition (classic IOR), and (2) the tests that bear on feature-based repetition.
Location-based repetition
The left panel of Fig. 2 shows the data that bear on whether location-based IOR occurred. If it did, we should see slower detection times for targets in the same location as cues, compared to such times when the target appeared in a different location than the cue. In fact, the main effect of Location repetition was not significant, F(1, 43) = 2.40, p = .128, g p 2 = 0.05; the two-way interaction of Location Â SOA did not reach significance either, F(3, 143) = 0.81, p = .502, g p 2 = 0.02. In the single-cue versions of this experiment Hu et al., 2013) there had been robust effects for these factors. Thus, in accord with the predictions of Klein, Christie, and Morris (2005) and Christie, Hilchey, and Klein (2013) , multiple cueing eliminated the classic location-based inhibitory effect.
Feature-based repetition
Having seen that multiple cueing eliminates location-based inhibition, we now consider whether the same is true for feature-based inhibition. In our previous, single-cue, experiments Hu et al., 2013) we observed slower responses when cues and targets matched in color, but only when they appeared in the same location; there was no such effect when the target was in a different location than the cue. Statistically, this pattern corresponds to an interaction of Color (repetition versus non-repetition) and Location (same versus different). The center panel of Fig. 2 shows the current results for the same-location case, and the right panel shows the results for the different-location trials. As is clear in these two panels, we see the same pattern with the current multiple-cue paradigm as we had seen in the single-cue case: When the cue and target were in the same location (center panel), response times were slow when cues and targets matched in color; in different locations (right panel), the featural similarity of the cue and target made no difference.
The main effect of Color repetition was not significant, and Hu et al. (2013) : With relatively rich displays, repetition of a non-spatial attribute (in this case, color) can produce feature-based inhibition. Second, our results provide support for the ''population coding'' hypothesis of Klein, Christie, and Morris (2005) and Christie, Hilchey, and Klein (2013) . They suggested that when the visual system is confronted with multiple, simultaneous events, the cue's elements generate an orienting response toward the center of gravity of the cue array. Because in the present study the center of gravity of the cue array was at the fixation point, no differential inhibition of targets should occur, and in fact no location-based IOR was found.
The important new finding is that the population coding mechanism seems to apply to location-based inhibition (hence, its disappearance here), but not to feature-based inhibition (hence, our replication of the effect found with single cues). This dissociation demonstrates that even though the two forms of inhibition have much in common (e.g., similar time courses, and a link between the location of the cue and target), they nonetheless rely on at least partially independent mechanisms (see Sereno et al., 2010 , for a model with these two properties).
Our previous comparisons of location-based versus featurebased inhibitory effects under single-cue conditions Hu et al., 2013) provided evidence of a second dissociation. When we switched the task from detection to discrimination, we found that the location-based impairment remained (though with a somewhat delayed onset) while the feature-based case yielded facilitation rather than inhibition. For discrimination, it seems that having the cue and target in close proximity aided observers in their task of extracting the featural information of the target, yielding a same-location advantage, one that was especially strong when there was temporal proximity as well (i.e., at the shortest SOAs). In the following experiment, we apply the multiple-cue technique to the discrimination task in order to determine its impact on the location-based and feature-based effects -will there be a similar impact, or will there be a further dissociation of the two?
Experiment 2: Location-based and feature-based repetition effects in discrimination
Experiment 2 used the same nine-location displays that were used in the first experiment. However, rather than responding when they detected the second event (the target), participants made a discrimination judgment: Was the target red, or was it blue? This is the same judgment that subjects made in our previous discrimination study . That study used eight-location displays rather than nine-, but the important difference is a change from single cues to multiple cues. The results of Experiment 1 suggest that, in accord with the population coding hypothesis, the multiple cueing procedure (centered on fixation) should not produce any measurable inhibition at the cue locations. If so, then we should see a change from the single-cue discrimination results -the location-based inhibition that was observed before should not be observed now. The results for feature repetition are more difficult to predict. In the single-cue case the color discrimination judgments were made more quickly when targets occurred near cues (in both space and time). With multiple cues we might find that this advantage extends to all three cued locations, or we may find that the absence of an attention-directing cue leads to a loss of the facilitation.
Method
Participants
Another forty undergraduate and graduate students from Peking University were recruited (age range = 17-29, mean 22; 20 males, all right-handed). All had normal or correct-to-normal vision and were naïve to the purpose of the experiment. Participants were tested individually; each received 20 RMB (about U.S. $3) for participating. All participants were treated in accordance with the Declaration of Helsinki and its latest amendments, and provided written informed consent before participating in the study.
Apparatus and procedure
As before, the experiment was conducted on a Pentium IV computer running E-Prime software, with subjects viewing the screen from a distance of approximately 65 cm. Each participant was given a practice block of 30 trials that were not analyzed. Both speed and accuracy were emphasized. If a subject answered incorrectly, or failed to respond, a tone was played as feedback.
The procedure matched that of Experiment 1, but in the present experiment, the participants were required to make a twoalternative forced choice (2AFC) on each trial. A NumLock keyboard was used as the response device. Key ''1'' was to be pressed in response to a red target regardless of the target location, and key ''2'' was to be hit if the target was blue, regardless of the target location. The response keys were counterbalanced across participants. The procedures were generally identical to those of except that the eight catch trials per block (i.e., trials in which a cue was not followed by a target) used in the present study were not used there.
Results and discussion
The error rates were very low (averaging 2.1%); therefore no further analyses of errors were conducted. The false alarm rate on catch trials was under 0.1%. Reaction times 2.5 standard deviations above or below the arithmetic mean were excluded for each participant. This resulted in the loss of 3.2% of all trials. The reaction times were slower (mean RT = 723 ms) than in the simpler detection task. The mean RTs from correct trials were submitted to a 5 (SOA: 350, 700, 1500, 2500 and 3500 ms) Â 2 (Location: Same versus Different) Â 2 (Color: repeated versus non-repeated) analysis of variance (ANOVA), with degrees of freedom corrected for violations of the sphericity assumption. Fig. 3 shows the reaction time data, broken down by the SOA, Color repetition conditions and Location (Left panel: Location repetition effects; Middle panel: Color repetition effects when cues and targets were in the same Location; Right panel: Color repetition effects when cues and targets were in different Locations). As before, we first consider the location based repetition effect, and then the color repetition effect.
Location-based repetition
As the left panel of Fig. 3 makes clear, there was no locationbased inhibition on the discrimination task. In fact, there was a strong facilitation effect, with significantly faster responses when the target was in the same location as a cue had been, rather than in another location, F(1, 39) = 23.26, p < .001, g p 2 = 0.37. This location-based repetition effect was robust across all SOAs, leading to a non-significant Location Â SOA interaction, F(4, 156) = 0.49, observed for the single-cue case, consistent with the population coding hypothesis. This hypothesis predicts no localized attentional focus, and thus no location-based inhibition. Of course, ''no inhibition'' is different than facilitation. Why should these conditions produce an advantage for targets that are presented in the same location as a cue? We believe that this facilitation effect is best understood in light of the feature repetition results.
Feature-based repetition
The feature repetition results are shown in the middle and left panels of Fig. 3 . With one minor exception (the shortest SOA condition of the Same location, Same Color case), performance in the Same location, Different Color situation is consistently faster than in the other three combinations of Location and Color; response times on those three cases hover around 730 ms, versus about 700 ms for the Same location, Different color case. This pattern At the shortest SOA of 350 ms, color repetition at the Same location produced a 10 ms cost, a non-significant inhibitory trend (t(39) = 1.01, p = .160, Cohen's d = 0.18). For all of the other SOAs, color repetition costs were significant (smallest t(39) = 2.10, p = .021, Cohen's d = 0.35) for Same location trials. One way to view the data pattern is that targets in the Same location, Different Color condition enjoyed faster processing than all other targets. This is what the middle and right panels of Fig. 3 show, and this view can also account for the Location effect in the left panel: The difference for Location is driven by faster responses for the Different color trials that were also in the Same location.
The advantage for trials of this type would be expected if such trials offer the observer the clearest evidence for the required judgment. In particular, for these complicated displays in which the cue does not generate any strong attentional focus (as shown in Experiment 1), having a change of color within a region should be the most salient evidence to respond to the target's color. When the cue and target are in different locations, this is not available. And, when there is no color change within a region, it is more difficult to be sure that the seen color is in fact the target -the second event; this is a type of feature repetition cost, limited to the location shared by the cue and target. All previous findings of a feature repetition cost have been, like this one, constrained to the same location. This account is also consistent with the response times in Experiment 2 being not only longer than the detection times of Experiment 1, but also a hundred milliseconds longer than the response times in the single-cue discrimination experiment . In the single-cue case, the cue had presumably directed attention to the cued location, unlike in the current experiment.
General discussion
In the present study, we investigated the effects of multiple cueing on feature-and location-based repetition effects, with a particular focus on the potential dissociation of location-and feature-based inhibition. We did in fact observe clear dissociations between these two effects. The current results are best understood in the context of the single-cue versions of the experiments . To provide this context, in Fig. 4 we present a summary of the patterns of facilitation or inhibition as a function of the type of cue (left panel: single cue; right panel: multiple cues) and the type of test (detection versus discrimination). The patterns that appear in the figure bear on three issues: (1) the relationship of location-based repetition versus feature-based repetition; (2) differences between single cues and multiple cues; and (3) detection versus discrimination tests. We consider each of these in turn.
Location-based and feature-based repetition
The primary issue in the current study is how location-based repetition effects relate to feature-based repetition effects. Recall that previous findings suggested a relatively tight link between the two, with location playing a dominant role: All previous successful demonstrations of feature-based inhibition occurred under DIFF LOC SAME LOC conditions that also produced reliable location-based inhibition. Moreover, all previous findings of feature-based inhibition have been limited to targets that were presented in the same location as the cue. The multiple-cue procedure has broken the first link, but left the second one intact. We observed significantly slower responses when cues and targets shared color (feature repetition), in the absence of a location-based inhibitory effect; this is the first time that feature repetition costs have been observed in the absence of location repetition costs. There is one conceptuallysimilar finding from studies of Parkinson patients, who seem to have impaired location-based inhibition (e.g., Filoteo et al., 1997; Hsieh et al., 1997) , with intact object-based inhibition (e.g., Possin et al., 2006; Possin et al., 2009 ). In the current study, the feature-based effects were clearly limited to cases in which the cues and targets were presented at the same location -inspection of Figs. 2 and 3 makes it clear that there were no such effects for different-location trials. This second result favors a special role for location over other features (Tsal & Lavie, 1988 , 1993 , despite the demonstration of feature repetition costs in the absence of more traditional IOR.
Single-cueing versus multiple-cueing
As we noted in the Introduction, the literature on the effect of multiple cues goes all the way back to the earliest studies of IOR. However, much of the early literature was characterized by conflicting results, with some authors finding cueing at multiple locations, and others not. Klein, Christie, and Morris (2005) and Christie, Hilchey, and Klein (2013) provided an analysis of this contradictory literature that favored the idea of ''population coding'': When multiple visual stimuli appear, the reaction of the perceptual system is to allocate attention on the basis of the center of gravity of the multiple cues. We applied this hypothesis to the goal of eliminating location-based IOR (by using multiple cues centered around fixation), to see if feature repetition would remain. As the left side of each panel of Fig. 4 illustrates, this approach was successful: The similar inhibitory detection costs for location and feature processing that we had found with single cues became dissimilar with multiple cues because the feature-based repetition continued to produce a detection cost, in the absence of such a cost for location repetition. As the right side of each panel shows, the change for the discrimination test was even more dramatic, with a reversal of the inhibition/facilitation pattern across the change from single-cue to multiple-cue procedures. Our results provide converging evidence for the population coding hypothesis, at least with respect to location-based inhibition. The fact that featurebased costs were observed with multiple cueing, for both detection and discrimination, suggests that the feature-based effect does not require a prior attentional shift. The interaction of type of cueing (single, multiple) with type of repetition (location, feature) is consistent with Hilchey et al.'s (2011) finding that IOR has a stronger impact on the extraction of spatial information than it does on the processing of featural information.
Detection versus discrimination tests
For both single cues, and for multiple cues, the effects of repetition (of location and/or color) were clearly quite different as a function of the type of test. This pattern harks back to a controversy about discrimination tests that began soon after the initial report of IOR. For the first decade after Posner and Cohen's (1984) initial report, the prevailing view was that IOR did not occur for discrimination. Eventually there were successful demonstrations of IOR in discrimination (e.g., Pratt, 1995) , but the effect is more difficult to find with discrimination than with detection (see Lupiáñez et al., 1997; Lupiáñez et al., 2007 , for a discussion of the conditions that tend to produce IOR with discrimination tasks). In the current study, although we found reliable featurebased inhibition on the discrimination task, we saw facilitation, rather than inhibition, as a function of location repetition. Consistent with previous research, the pattern that is found on a discrimination test depends crucially on a whole set of factors. Note that this complexity runs counter to the simple expectation that comes from a model in which withdrawal of attention from a location must impair later processing at that location.
If we consider the detection and discrimination results together, the patterns are actually more similar than they might first appear. For both tasks, feature repetition had no effect if the cue and target were in different locations (see the right-side panels in Figs. 2 and  3 ), but it did matter when the cue and target were in the same location (see the middle panels of Figs. 2 and 3) . Moreover, the effect of color repetition was the same on both tasks: Detection and discrimination were both faster when the target was a different color than the cue (or, equivalently, performance was slower when the color feature was repeated, in the same location). As we noted, this effect of color repetition was observed in the absence of location-based inhibition. In fact, in both experiments, responses were actually faster for targets in the same location as cues, rather than the reverse. In the detection experiment, this was a non-significant trend, while for discrimination the difference was statistically robust.
We have noted that the null effect for location-based IOR in the detection experiment is what we expected on the basis of the population coding hypothesis (Christie, Hilchey, & Klein, 2013; Klein, Christie, & Morris, 2005) . If this hypothesis is indeed correct, then the results for the two experiments should be viewed as reflecting performance in the absence of any withdrawal of attention, because there would have been no location-specific allocation in the first place. In fact, as we noted in the Introduction, some previous reports have shown that IOR can be observed under conditions that do not implicate any withdrawal of attention (e.g., Berlucchi, Chelazzi, & Tassinari, 2000; Rafal, Davies, & Lauder, 2006) . Why then, do we see a robust effect of feature repetition, and why is it only seen in the three ''same'' locations? The most likely explanation is that the perceptual system is sensitive to change, and trials that involve non-repetition of color, in the same location(s), provide the perceptual system with the most salient stimulus. Note that the cue remained visible until the target appeared -the cue duration was equal to the SOA. Therefore, on these trials, there would be a color change within a relatively small region. On different-location Fig. 4 . Repetition effects in detection and discrimination for single-cueing and multiple-cueing experiments (present data). For the location repetition effect, the RT differences were the means of the corresponding RT (SAME) À RT (DIFF) for SOAs between 350 and 2500 ms; for the feature repetition effect, the same SOA range was used, only including data were from the SAME location condition.
trials, such a color change would be spread across a much greater distance, presumably making it less easy to notice. On trials with no color change (feature repetition), there was no salient perceptual event. This analysis correctly predicts that the fastest responses should be concentrated in the same-location, different-feature case. In fact, the trends toward facilitation, rather than inhibition, for location repetition can be seen as a consequence of this case -the subset of same-location trials that involved a feature change will bring the average response time down for the same-location overall, producing the observed reversal of standard IOR. The pattern is thus a consequence of two factors: Multiple-cueing eliminates any withdrawal of attention, or any other mechanism for slowing down target processing in the cued location, and then the salience of a feature change does the rest. Of course, to say that the perceptual system is sensitive to change is also to say that feature repetition leads to slower or less accurate performance. Thus, the results of the current study can be seen as evidence for a cost to feature repetition, in the absence of location-based repetition costs. From this perspective, the dissociation of location-based inhibition and feature-based inhibition can be seen as the former being driven by a process designed to optimize processing in a system that codes the world primarily spatially, while the latter is driven by the property of this system that is designed to focus on change. These are quite different properties, but both work together to allow observers to attend to the most information-rich stimuli available at any moment.
